The benefits of maintenance dialysis for older adults with end-stage renal disease (ESRD) are uncertain. Whether the setting of pre-ESRD nephrology care influences initiation of dialysis and mortality is not known.
T he benefits of maintenance dialysis for older adults who develop kidney failure or end-stage renal disease (ESRD) in the context of another serious illness or multimorbidity are uncertain. 1 In such patients, survival with dialysis may be limited, functional outcomes are often poor, and dialysis discontinuation is common. 2, 3 Guidelines encourage a shared decision-making process that considers patient preferences, prognosis, and expected quality of life with dialysis, but they lack consensus about which patients should forgo dialysis. 1, 4 Similar to other high-cost intensive procedures, the likelihood of receiving dialysis treatment varies across geographic regions among older Americans, suggesting that factors external to the patient influence dialysis decisions. 5 Dialysis treatment appears to be more frequent in the United States compared with other industrialized countries, but dialysis outcomes are generally worse in the United States. 6 Still, the appropriate rate of dialysis initiation is unknown, as there are differences in demographic characteristics and cultural values that confound international comparisons. The presence of multiple delivery systems in the United States for veterans affords the opportunity of a natural experiment. Veterans older than 65 years account for almost 20% of patients starting maintenance dialysis in the United States, with an annual cost of care exceeding $100 000 per patient. 7, 8 Nearly all older veterans eligible for care in the Department of Veterans Affairs (VA) health care system are also eligible for Medicare. 9 Older veterans can therefore receive pre-ESRD nephrology care in VA or Medicare; these encounters in turn shape decisions about whether to start dialysis. Compared with the Medicare fee-for-service system, the VA has an integrated health care system with no direct financial incentives to initiate dialysis in patients for whom the benefits are expected to be limited. Prior studies comparing outcomes of veterans who received care in VA vs non-VA settings have been limited to patients who started dialysis. [9] [10] [11] Whether receipt of pre-ESRD nephrology care in Medicare vs VA is associated with more frequent use of dialysis and/or higher overall survival is unknown. To provide a more complete picture of the role of setting of care on ESRD treatment and outcomes, in the present study we compared initiation of dialysis and mortality among older veterans with incident kidney failure who received pre-ESRD nephrology care in Medicare vs VA.
Methods

Cohort
We conducted a retrospective cohort study of US veterans using laboratory and administrative data from the VA, Medicare claims, and the United States Renal Data System (USRDS), a national registry of patients receiving dialysis therapy for ESRD. We used laboratory data from the VA Decision Support System Laboratory Results file to identify all veterans with an outpatient measurement of serum creatinine between January 585.6, 586.0, 403.01, and 403.91 ) to capture patients with incident kidney failure who received some care outside of the VA health care system because laboratory measurements outside of the VA were not available in the data set. In a separate validation study (eMethods and eTable 1 in the Supplement), the claims + laboratory ascertainment method had a sensitivity of 77% and a specificity of 99% for identifying patients with a sustained eGFR less than 15 mL/min/1.73 m 2 who were not receiving dialysis. We excluded patients younger than 67 years so that we could ascertain pre-ESRD nephrology care in VA and Medicare for 2 years prior to kidney failure, patients with a dialysis record after the date of death, and patients who did not have any VA clinical encounters in the year prior to incident kidney failure. Our primary interest was comparing those exclusively using Medicare or VA for nephrology care; therefore, we excluded 8986 patients who received pre-ESRD nephrology care in both VA and Medicare or in neither health care system, resulting in an analytic cohort of 11 215 patients (Figure 1 ). The institutional review board at Stanford University and the research and development committee of Veterans Affairs Palo Alto Health Care System approved the study with waiver of informed consent.
Exposures
The primary exposure for this study was the setting of pre-ESRD nephrology care over 2 years prior to kidney failure incidence: Medicare or VA. We ascertained outpatient nephrology care using clinic stop codes and clinician codes in VA administrative files and with physician specialty codes in Medicare files.
Outcome
The primary outcomes for this study were treatment with maintenance dialysis and mortality within 2 years of incident kidney failure. We identified patients who received maintenance dialysis through the USRDS or by the presence of at least 2 ICD-9 codes (3995, 5498, V56, V56.8, and V45.1) or Current Procedural Terminology (CPT) dialysis codes (90935, 90937, 90945, and 90947) . To exclude dialysis that is performed for acute kidney injury, we required that patients have at least 1 outpatient dialysis code, with at least 30 days between the first and last code, consistent with prior studies.
14 Patients were followed up from the incident date of kidney failure through December 31, 2013 , to ascertain the primary outcomes so that all patients had at least 2 years of follow-up.
Covariates
We used VA administrative data, Medicare files, and the USRDS to record age, sex, race, marital status, and VA co-pay. We used patient zip code to estimate driving distance to the closest VA medical center with nephrology subspecialty care and median income from census data. We ascertained comorbid conditions from the VA medical SAS-format data sets and Medicare claims using ICD-9 and CPT codes and calculated the Charlson Comorbidity Index value using the Deyo modification. 15 We calculated the rate of eGFR decline prior to incident kidney failure based on the change in eGFR from the index date to the date of kidney failure and categorized this as less than 5, 5 to 10, and more than 10 mL/min/1.73 m 2 per year. For patients whose qualifying kidney failure event was dialysis initiation, we used the eGFR recorded on the USRDS Medical Evidence Form to determine the change in eGFR from the index date to kidney failure, and when this was missing, the closest VA eGFR within 90 days prior to dialysis initiation.
Statistical Analysis
Categorical variables are expressed as percentages. We used modified Poisson regression to determine the association, expressed as a relative risk, along with 95% CIs, between the site of pre-ESRD nephrology care and each outcome: dialysis treatment and death within 2 years of kidney failure incidence.
16,17
We computed risk differences through marginal standardization using the margins command in Stata, version 13.1 (StataCorp).
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We constructed models to determine the association between site of care and each outcome adjusting for patient sociodemographic characteristics (age, sex, race, marital status, zip code, median income, and urban residence), clinical characteristics (comorbid conditions and rate of eGFR decline), access to VA health care (driving distance to VA, VA copay) and calendar year. Of 11 215 patients, 1142 (10.2%) were missing 1 or more covariates. To address missing covariates, we used multiple imputation techniques based on the joint modeling approach used in SAS's PROC MI and summarized findings across models for each imputed data set using Rubin's rules. We evaluated whether the association between site of care and dialysis treatment was modified by age (<80 or ≥80 years), race, Charlson Comorbidity Index score (<4 and ≥4), and selected serious comorbid conditions (dementia, metastatic cancer, and paralysis), using stratified models and interaction terms. We also performed sensitivity analyses restricted to patients with 2 or more pre-ESRD nephrology visits and, separately, patients who progressed to a sustained eGFR less than 15 mL/min/1.73 m 2 . In addition, we applied a more stringent criterion for the eGFR component of incident kidney failure, requiring 2 eGFR measurements less than 15 mL/min/ 1.73 m 2 at least 90 days apart.
Propensity-Matched Analyses
Because patients who use Medicare for subspecialty care differ from those who use the VA in several important characteristics that could confound the association between setting of care and outcome, we also conducted a propensity score-matched analysis. To estimate propensity scores, we used logistic regression to model the likelihood of receiving pre-ESRD nephrology care in Medicare vs VA using the patient characteristics listed in in VA in a 1:1 ratio, using a caliper distance of less than 0.2. 19 We matched 87% of patients with nonmissing data who received pre-ESRD nephrology care in Medicare to VA patients, resulting in an analytic cohort of 5932 patients. We assessed match quality with standardized differences. Because the propensity-matched groups were well balanced on measured characteristics (standardized differences <10%), the analyses were not further adjusted.
Misclassification of Kidney Failure
Although the ascertainment of dialysis treatment using USRDS and dialysis claims has higher than 98% accuracy, 20 the claims + laboratory method to ascertain incident kidney failure cases does not capture 23% of patients with incident kidney failure who are not treated with dialysis (eTable 1 in the Supplement). To assess the potential effect of differential misclassification, we recalculated the frequency of dialysis treatment assuming 23% of Medicare patients who were not treated with dialysis were misclassified as nonincident kidney failure cases (eTable 2 in the Supplement). Analyses were conducted from March 15, 2016, through September 20, 2017, using SAS Enterprise Guide, version 7.1 (SAS Institute) and Stata, version 13.1 (StataCorp LP) for data analysis. Findings were significant at P<.05.
Results
Cohort Characteristics
Of the 11 215 patients included in the study, 11 085 (98.8%) were men; mean (SD) age was 79.1 (6.9) years. Patient characteristics according to the site of pre-ESRD nephrology care are presented in Table 1 . Compared with patients who received pre-ESRD nephrology care in VA, patients who received pre-ESRD nephrology care in Medicare were older and more likely to be male, white, and married. On average, they lived farther from a VA medical center, were more likely to have a copayment for VA services, and to reside in rural areas and areas with a higher median income. They were also more likely to have missing eGFR values at follow-up. After propensityscore matching, the cohort was well balanced on measured characteristics, indicated by standardized differences less than 10%.
Dialysis Treatment in Medicare vs VA
Within 2 years of incident kidney failure, 7071 patients (63.0%) started dialysis. The unadjusted frequency of dialysis treatment was 81.9% among patients who received pre-ESRD Differences in the frequency of dialysis treatment between Medicare and VA were larger among patients aged 80 years or older and among patients with dementia or metastatic cancer, and less pronounced among patients with paralysis, (all P < .05 for interaction) (Figure 2) . There was no evidence of effect modification by race or Charlson Comorbidity Index score.
Analyses that assumed differential misclassification of Medicare patients not treated with dialysis as non-kidney failure cases did not substantially change the results. Assuming a misclassification rate of 23% among Medicare patients, the unadjusted frequency of dialysis treatment would drop from 81.9% to 77.3% in this group (eTable 2 in the Supplement). For the frequency of dialysis treatment in Medicare to be similar to that of VA, the kidney failure misclassification rate would need to be 75% among Medicare patients.
Mortality in Medicare vs VA
Within 2 years of kidney failure, 5280 patients (47.1%) died. Among patients who started dialysis, the mortality rate was 54.3% among patients who received pre-ESRD nephrology care in Medicare vs 43.3% among those who received pre-ESRD nephrology care in VA. Among all patients with kidney failure, the mortality rate was 53.2% among patients who received pre-ESRD nephrology care in Medicare vs 43.8% among those who received pre-ESRD nephrology care in VA. These differences were attenuated but remained significant after adjustment (adjusted risk difference, 5 percentage points; 95% CI, 3-7 percentage points) (Figure 3) . The results were similar in the propensity-matched cohort (adjusted risk difference, 8 percentage points; 95% CI, 5-11 percentage points).
Discussion
In a national, contemporary cohort of older veterans with incident kidney failure, patients who received pre-ESRD nephrology care in Medicare had a markedly higher frequency of dialysis initiation compared with patients who received nephrology care in VA. The difference in initiation of dialysis between Medicare and VA remained robust in subgroup analyses and could not be explained by observed patient characteristics or less frequent pre-ESRD nephrology care in Medicare. Despite more frequent initiation of dialysis, patients who received care in Medicare were not more likely to survive compared with patients who received care in VA.
The results extend a prior study that demonstrated that veterans treated outside of the VA started dialysis earlier in the course of their disease than those treated within the VA.
11,21
In the present study, early initiation of dialysis accounted for some, but not all, of the differences in dialysis treatment between VA and Medicare. Our findings are broadly consistent with comparisons of use and quality of care in VA vs Medicare for other serious illnesses. Studies that assessed recommended processes of care have mostly demonstrated that VA groups performed better than non-VA comparison groups. 22, 23 Studies that assessed risk-adjusted mortality generally found similar rates for VA and non-VA settings.
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Our study may illustrate how differences in the structure and delivery of care can result in marked variation in use of a high-cost treatment with limited or uncertain benefits. These lessons may be applicable to other interventions used in frail, older adults, such as implantable cardiac defibrillators and inferior vena cava filters. Veterans Affairs has an integrated health care system consisting of tertiary care centers, community clinics, and long-term care facilities, all linked by an electronic medical record. Integration of medical records can facilitate care delivery for patients with complex comorbidities who receive multiple health care services, including documentation of patient preferences and goals. The VA's nephrology workforce comprises salaried physicians who do not have direct financial incentives to use dialysis. In addition, VA has prioritized support for palliative care at an organizational level by funding interdisciplinary palliative care teams in every VA medical center. 25 In contrast, in the Medicare fee-for-service system, physicians receive higher reimbursement for dialysis care than for care of patients without dialysis, and they may have ownership or other financial interests in dialysis Research Original Investigation Dialysis Use and Mortality in Veterans Affairs vs Medicare facilities. 26 Because there is no organized infrastructure to deliver supportive care services in the outpatient setting, starting dialysis can simply be the easiest way to address a patient's complex care needs. Apart from these factors, we could not rule out the possibility that patient preferences for dialysis determine the setting for pre-ESRD care. Prior studies have shown that patient preferences for aggressive care do not vary widely by geography, which was correlated with the site of care. 27 Other unmeasured differences between the 2 systems could also potentially explain the findings, but we adjusted for a broad range of sociodemographic and clinical variables known to be associated with our outcomes. Fee-for-service practitioners are more incentivized to completely code comorbidities than are those in VA; such differential coding practices would bias our findings to the null. Counter to conventional wisdom, more frequent initiation of dialysis in Medicare did not translate into improved overall survival. If sicker patients were preferentially receiving care in Medicare, one might expect lower frequency of dialysis initiation in Medicare. In fact, more frequent dialysis initiation among Medicare vs VA patients was even more pronounced among subgroups that are less likely to realize a survival benefit from dialysis: patients aged 80 years or older, patients with dementia, and patients with metastatic cancer.
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Provision of dialysis in an older, frail patient is frequently viewed as a trade-off between quantity and quality of life, and in this context its use is commonly not considered overuse unless it is inconsistent with patient preferences.
29 While in some instances patient preferences reflect deeply held values, in others they reflect lack of information about the potential harms of dialysis or alternative treatment options. 30, 31 Collectively, these results emphasize the importance of a more balanced presentation of risks along with benefits during dialysis decision making. Capitated payment systems, such as in the VA, are vulnerable to criticism that they may restrict access to potentially beneficial services. Yet as our study and others demonstrate, recent policy changes intended to expand access to non-VA care may have unintended consequences if care is not coordinated across health care systems. 32, 33 Future studies should evaluate whether increasing subspecialty care services in VA community-based outpatient clinics or expanded use of telehealth for subspecialty care improves care quality and outcomes compared with non-VA care.
Strengths and Limitations
Our study has several strengths, including the large national sample of veterans and the use of analytical methods to account for confounding by indication. There are also several limitations. Our estimates of the difference in initiation of dialysis treatment between Medicare and VA lacked precision due to uncertainty in the number of incident kidney failure cases without dialysis in Medicare. Nevertheless, we demonstrate that the differences that we observed are unlikely to be explained by ascertainment bias alone. We were unable to determine patient preferences for dialysis and the extent to which preferences influenced the setting of pre-ESRD care. Similarly, we could not evaluate patient satisfaction with care. The results may not be generalizable to younger veterans or nonveterans. Finally, because this was an observational study, the results are susceptible to confounding. One way in which we mitigate this issue is through an analysis that incorporates propensity scores in the design, which yielded qualitatively similar results. Even so, the possibility of unmeasured confounding remains, as we could not measure other determinants of access to care, such as the availability of transportation and waiting time.
Conclusions
Dialysis appears to be the default treatment option for the majority of older veterans who receive pre-ESRD care in Medicare, but this pattern of care was not associated with better overall survival. Additional studies may help to determine the specific processes of care associated with these findings and whether they can be replicated among the rapidly growing number of integrated delivery systems outside of the VA.
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